23F 


^CfPCryPTO 14AUGi998 




ORM PTO-i390 (Modified) U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

REV 10-95) 

TRANSMITTAL LETTER TO THE UNITED -STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 


ATTORNEY'S DOCKET NUMBER 
0660-0 139-OX PCX 


U.S. APPLICATION NO (IF KNOW, SEE 37 CFR 

C9/125031 




[NTERNATIONAL APPLICATION NO. 
PCT/FR97/00290 


INTERNATIONAL FILING DATE 
FEBRUARY 14, 1997 


PRIORITY DATE CLAIMED 

FEBRUARY 14, 1996 



TITLE OF INVENTION 



RECOMBINANT PROTEIN CONTAINING A C-TERMINAL FRAGMENT OF PLASMODIUM MSP-1 



APPLICANT(S) FOR DO/EO/US 

Shirley LONGACRE-ANDRE, et al. 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . Kl This is a FIRST submission of items concerning a filing under 35 U.S.C. 37L 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 37 1 . 

3. S This is an express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. K A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

5. K! A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. Kl has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. Kl A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

7. Kl A copy of the International Search Report (PCT/ISA/2 1 0). 

8. S Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. Kl have not been made and will not be made. 

9. □ A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

10. □ An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

11. □ A copy of the International Preliminary Examination Report (PCT/IPEA/409). 

12 DA translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371 (c)(5)). 

Items 13 to 18 below concern document(s) or information included: 

13. □ An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

14. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 

15. □ A FIRST prehminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment. 

16. □ A substitute specification. 

17. □ A change of power of attorney and/or address letter. 

1 8. □ Certificate of Mailing by Express Mail 

19. K Other items or information: 

Request for Consideration of Documents Cited in International Search Report 

32 Sheets of Drawings 

PCT/IB/304 

PCT/IB/308 

NOTICE OF PRIORITY 



Page 1 of 2 



PCTUS1/REV03 

(October 1997) 



The following fees are submitted:. 
BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

Kl Search Report has been prepared by the EPO or JPO $930.00 

□ International preliminary examination fee paid to USPTO (37 CFR 1 .482) 
$720.00 

□ No international preliminary examination fee paid to USPTO (37 CFR 1.482) 

but international search fee paid to USPTO (37 CFR 1 .445(a)(2)) $790.00 

□ Neither international preliminary examination fee (37 CFR 1.482) nor 

international search fee (37 CFR 1 .445(a)(2) paid to USPTO $1,070.00 

□ International preliminary examination fee paid to USPTO (37 CFR 1 .482) 

and all claims satisfied provisions of PCT Article 33(2)-(4) $98.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



U.S. APPLICATION NO. (IF KNOWN, SEE 37 CFR 



INTERNATIONAL APPLICATION NO. 
PGT/FR97/00290 



ATTORNEY'S DOCKET NUMBER 
I 0660-0139-OX PCT 
CALCULATIONS PTO USE ONLY 



Surcharge of $130.00 for furnishing the oath or declaration later thai 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 



NUMBER FILED 



NUMBER EXTRA 



Independent claims 



Multiple Dependent C 



IS (check if applicable). 



TOTAL OF ABOVE CALCULATIONS = 



Reduction of 1/2 for filing by small entity, if applicable. Verified Small Entity Statement 
must also be filed (Note 37 CFR 1.9, 1.27, 1.28) (check if applicable). 



SUBTOTAL 



Processing fee of $130.00 for furnishing the English translation later than □ 20 
months from the earliest claimed priority date (37 CFR 1.492 (f)). 



TOTAL NATIONAL FEE = 



Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 



TOTAL FEES ENCLOSED = 



The Commissioner is hereby authorized to charge any fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
" 137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 



A check in the amount of $2,260.00 



Q Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 



;r the above fees is enclosed. 



n the amount of 



•r the above fees. 



OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C. 
1755 Jefferson Davis Highway, Fourth Floor 
Crystal Square Five 

Arlington, Virginia 22202 WILLIAM E. BEAUMONT 

703-413-3000 REGISTRATION NUMBER 30,996 



SIGNATIHRE 
Norman F. Obion 



NAME 
24,618 



REGISTRATION NUMBER 



Page 2 of 2 



le 13/ea/9S 17:05 A4 NORM Pg: 134/210 

i09/l2503l 
405ltec'dfWrO 14 AUG 1998 

ReCOIV!0tNANT PR OTEIN CONTAtNiNG A C^TER^INAL FRAGMEN T 
OF PLASMODIUM MSP-1 j 

The invention relates to novel ©ctfve princlpie3| fOr vaccines derived 
from the major surface protein in merozotte forms of s^la$mo(ilum which Is 

5 infectious for mammals, especially humans, more geKer^tly termed MSP-1 . 

MSP-1 has already t>een the subject of a nur^ber of studies. It is 
synthesised in the schizont stage of Pl&smodiurh type parasites, in 
particular Fksmodium falciparum, and is expressed jin the form of one of 
the major surface constituents of merozoftes both in the hepatic stage and 

10 in the erythrocytic stage of malaria (1, 2. 3, 4). Be^aiiise of the protein's 
predominant character and conservation in all known iP/asmocf/wm species, 
It has been suggested that it could be a candidate, for constituting anti- 
malarial vaccines (5, 6). 

The same Is true for fragments of that protein, particularly the natural 

15 cleavage products which are observed to form, for example during Invasion 
by the parasite into erythrocytes of the infected ^host. Among sudi 
cleavage products are the C4erminal fragment with h molecular weight of 
42 kDa {7, 8) which Is itself cleaved once more Into ah N-termlnal fragment 
with a conventional apparent molecular weight of 2^3 kDa and into a C- 

20 terminal fragment with a conventional apparent molecular weight of 1S kOa 
(9) which remains normally fixed to the parasite | membrane after the 
modifications canied out on It, via glycosylphosphatld^linosltol (GPl) groups 
(10,11). I 

It is also found at the early ring stage of tie Intraerythrocytlc 

25 development cycle (15, 16), whereby the observaticjn was made that the 
19 kDa fragment could play a role which is not yet known, but which is 
doubtless essential In re-invasive processes. This] fomned the basis for 
hypotheses fonned In the past that that protein could constitute a 
particularly effective target for possible vaccines. ; 

30 It should be understood that the references ffe<|uentiy made below 

to the p42 and p19 proteins from a certain typ^ of Plasmodium are 
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understood to refer to the corresponding C-terminal cleavage products of 
the MSP-1 protein of that Plasmodium or, by extension, to products 
containing substantially the same amino acid sequences, obtained by 
genetic recombination or by chemical synthesis ; using conventional 

5 technique^, for example using the "Applied System"? synthesiser, or by 
"Menifleld" type solid phase synthesis. For convenience, references to 
"recombinant p42" and "recombinant p19" refer to "p42i' and "pi 9" obtained 
by techniques comprising at least one genetic engineering step. 

Faced with the difRcuity of obtaining large quantiti^es of parasites for R 

JO falciparum and the impossibility of cuitivating R vtv&x in vitro, it has become 
dear that the only means of producing an anti-malaria yaccine is to resort to 
techniques which use recombinant proteins or peptides.; However, MSP-1 is 
very difficult to produce whole because of It large size iof about 200 kDa, a 
fact which has led researchers to study the C-terminaf portion, the (still 

15 unknown) function of which Is probably the more important. 

Recombinant proteins conceming the C-terminal portion of the P, 
falciparum MSP-1 which have been produced and test^ In the monkey (12, 
40, 41) are: \ 

• a pi 9 fused with a glutathione-S-transferase produced in B. coll (40); 
20 #8 p40 fused with a glutathione-S-transferase produced in E. coli (12); 

* a p19 fused with a polypeptide from a tetanic ar^atoxin and carrying 
auxiliary T ceH epitopes produced in S. cerevisiae (112); 

♦ a p42 produce in a bacuiovirus system (41 ). 

A composition containing a pi 9 protein fused with a glutathlone*S'' 
25 transferase produced in E. coli combined with alum or liposomes did not 
exhibit a protective effect in any of six vaccinated Aotu$ nancymai monkeys 
(40). 

A composition containing a p42 protein fused with a glutathione-S* 
transferase produced in E. coli combined with a Freund complete adjuvant 
' 30 did not exhibit a protective effect in two types of Aotus mor^keys {A, 
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nmcymai and vocfferans} when administered to the'm. The pi 9 protein 
produced in S, c^revisiae exhibited a protective effectj in two A. nancymai 
type Aotus monkeys (12). In contrast, there was no protective effect in two 
A, voclf&rans type Aotus monkeys. 

5 Some researchers (Chang et ai.) have also ref?orted immunisation 

tests earned out in the rabbit using a recombinant p42; protein produced In 
a baculovinjs system and containing one amino acid sequence in common 
with P. falciparum (18). Thus these latter authors indicate that In the rabbit 
that recombinant p42 behaves substantially In the sarhe way as the entire 

10 recombinant MSP-1 protein {gp195). This p42 protein ih combination with a 
Freund complete adjuvant has been the subject matter; of a vaccination test 
in a non-human primate susceptible to infection by R. falciparum. Aotus. 
lemurinus grisem&mbra (40). The results showed that! 2 of 3 animals were 
completely protected and the third, while exhibiting k parasitemia which 

15 resembled that of the controls, had a longer latent period. It fs 
nevertheless risky to conclude to a protective na^re in man of the 
antibodies thus induced against the parasites themselves, it should be 
remembered that there are currently no very satisfactory experimental 
models in the primate for P, Wvax and P, falciparum. \ The Saimiri model, 

20 developed for P. falciparum and P. vivax, and the lAotus model for P. 
falciparum, are artificial systems requiring the pariaslte strains to be 
adapted and often requiring splenectomy of the! animals to obtain 
signWoant parasitemia. As a result, the vacdnatiofi results from such 
models can only have a limited predictive value for ma^. 

25 In any event, what the real vaccination rate wpuld be which could 

possibly be obtained with such recombinant proteins is also questionable, 
bearing In mind the discovery - reported below - of the presence in p42s 
from Pfesmodiums of the same species, and more partlculariy in the 
corresponding p33s, of hypeivariable regions which would in many cases 

30 render uncertain the immunoprolectfve efficacy of ahtlbodles Induced In 
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individuals vaccinated with a p42 from a Plasmodium istrain against an 
Infection by otiier strains of the same species {13). 

It can even be assumed that the high polymorphism of the N- 
terminaf portion of p42 plays a significant role \n immiine escape, often 
s observed for that type of parasite. 

The aim of the present invention Is to pro:duce vaccinating 
recombinant proteins which can escape these difficulties, the protective 
effect of v/hich is verifiable in genuinely significant experimental models or 
even directly in man. 
10 IVlore particularly, the invention provides vacciheiting compositions 

against a Plasmodium type parasite which is infectious for man, containing 
as an active principle a recombinant protein which ipAy or may not be 
glycosylated, whose essential constituent polypeptide sequence is: 

* either that of a 19 ktlodalton (p19) C4enminal fraghi^nt of the surface 
15 protein 1 of the merozofte form (MSP-I protein) of: a! Plasmodium type 

parasite which is infectious for man, said C-terminat fragment remaining 
nonmally anchored to the parasite surface at the end of its penetration 
phase Into human erythrocytes in the event of an Infectious cycle; 

* or that of a portion of that fragment which Is also capable of Inducing an 
20 Immune response which can inhibit in vivo parasitemia due to the 

con-esponding parasite; 

* or that of an immunologically equivalent peptide of $a|d p1 9 fragment or 
said portion of that fragment; and 

said recombinant protein further comprises conformatjoiiiai epitopes which 
25 are unstable In a reducing medium and which preferably constitute the 

majority of the epitopes recognised by human antisemms formed against 

the corresponding Plasmodium. 

The presence of such conformational epitopes could play an 

important role In the protective efficacy of the active principle of the 
30 vaccines. They are particularly found in the active principles which exhibit 
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the Other characteristics defined above, when they lare produced In a 
baculoviais system. If needs be, it is mentioned below; that the expression 
''baculovlrus vector system" means the ensemble iconstituted by the 
baculovirus type vector itself and the cell tines, in paHiciuiar cells of insects 
5 transfectabl© by a bacufovirus modified by a sequence Ito be transferred to 
these cell lines resulting in expression of that ttansferred sequence, 
Preferred examples of these two partners in the ba4ulbvirus system have 
been described in the article by Longacre et al. (19). ; The same system 
was used In the examples below. It goes without saying, of course, that 

io variations in the bacutovirus and in the cells which can; be infected by the 
bacufovims can be used in place of those selected. 

In particular, the recombinant protein Is rebolgnlsed by human 
antiserums formed against the corresponding P(a$rhd0ium or against a 
homologous Plasmodium when it is in its non reduced Estate or in a reduced 

15 non irreversible state, but is not recognised or Is only feiiognlsed to a slight 
extent fay these same antisenjms when It fs irreversibly reduced. 

The unstable character of these conformatiorlial epitopes in a 
reducing medium can be demonstrated by the test desiribed below in the 
examples, In particular in the presence of R-mercapto^thanol. Similarly, 

.30 the examples below describe the experimental conditions applicable to 
obtain irreversible reduction of the proteins of the Invention. 

From this viewpoint, the recombinant protein prbdijced by Longacre 
et al. (14) can be used in such compositions. It should toe remembered that 
S. Longacre et al. succeeded in producing a recombiriant pi 9 from the 

25 MSP-1 of P. vivax in a baculovirus vector system containing a nucleotide 
sequence coding for the pi 9 of Plasmodium vivdx). in particular by 
transfecting cultures of insect cells [Spodoptera frugipkrvta (Sf9) line] wHh 
baculovirus vectors containing, under the control ; olF the polyhedrin 
promoter, a sequence coding for the peptide sequerices defined below, 

30 with the sequences being placed in the following order in the baculovirus 
vector used: i 
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* a 36 base pair 5' terminal fragment of the polyhedriln signal sequence, In 
which the methionine codon for initiating expresslfan of this protein had 
been mutated (to ATT); | 

• a 5'-terminal nucleotide fragment coding for a 3? amino acid peptide 
5 corresponding to the N-terminal portion of MSP-I; including the IV1SP-1 

signal peptide; 

* either a nucleotide sequence coding for pi9, or aj sequence coding for 
the p42 of the MSP-1 protein of Plmmodium viv^x, depending on the 
case, these sequences also being provided with ("anchored" forms) or 

10 deprived of (soluble forms) 3' end regions lof these nucleotide 
sequences, whose end C-termlnal expression projducts are reputed to 
play an essential role in anchoring the final p19 protein to the parasite 
membrane; 

• 2 TAA stop codons. 

\s For p42, the sequences derived from the C-terrt^inal region of MSP-1 

extend consequently from amino acid Asp 1325 to amino acid Leu 1726 
(anchored form) or to amino acid Ser 1705 (soluble f^rm) and for p19, the 
sequences extend from amino acid lie 1602 to a^lno acid Leu 1726 
(anchored forni) or to amino acid Ser 1705 (soluble form) it being 

20 understood that the complete ammo acid sequences of p42 and p19, 
whose initial and terminal amino adds have been injaicated above follow 
from the gene of the Belem Isolate of P. vivax which has been sequenced 
.(20). I 

Similar results were obtained using. In the s^me vector systems, 

25 nucleotide sequences coding for the p42 and [|l9 of Piasmodfum 
cynpmolg'i, The Interest in P, cynomofgi is twofold: it Is a parasitic species 
very close to R vivax which Is infectious for the macaque. It can also Infect 
man. Further, access to the natural hosts of P. cynomofgi, rhesus monkeys 
and toque macaques, is also possible, to test the efflcbcy of the protection 

30 of MSP-1 from P. cynomolgi in natural systems. Thb rhesus monkey Is 
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considered to be one of the most representative! species for Immune 
reactions in man. 

In particular, exceflent results have been obtained in vaccination 
tests carried out using the toque macaque wjth two recombinant 

5 polypeptides: soluble p42 and, in particular, soluble! p19 derived from P, 
cynomolgi, respectively produced In a baculovirus system and purified on 
an affinity column with monoclonal antibcxJies recognising the 
corresponding regions of the native MSP-1 protein. The following 
observations were made: six monkeys Immunised ^wfth only pi 9 (three 

10 monkeys) and the p19 and p42 together (three monkeys) all exhibited 
practically sterile immunity after challenge infection. iThe results obtained 

i 

In the three monkeys immunised with p42 were les^ significant. Two of 
them were as above, but since the third exhibited a iqwer parasitemia than 
the controls immunised with a PBS buffer in the I presence of Freund 

15 adjuvant (3 monkeys) or not immunised (3 monkeys), jt was less clear, 

A second challenge infection showed that the; monkeys which bad 
received pi 9 alone were protected for at least six; months. A second 
vaccination test with pi 9 in combination with alum ih this system (toque 
macaque P. gynomolgf) exhibited significant protection for 2 of the 3 

20 monkeys. This is the first time that IVlSP-1 or anothef- recombinant antigen 
has demonstrated a protective effect in the presence of alum (42). 

The particularly effective test results carried oiit with the macaque 
with recombinant polypeptides produced in a bacuioVirus system using a 
recombinant pi 9 from P. cynomolgi showed that recombinant polypeptides 

25 respectively containing recombinant pi 9s from other Hasmodiums must 
behave in the same manner. They are more meaningful for malaria in man 
than the results from tests carried out with P, vtvax or|F, falciparum in their 
"artificial hosts". 

Bacufoviais recombinant proteins derived fromi a. C-terminal MSP-1 
30 portion (p19) have a very significant antimalariaf protective effect in a 



Fax en is par: 33 01 42 66 08 90 GUTMANN-PLASSERAUD le 13/08/98 17:05 A4 NORM Pg: 141/210 



S 

natural system, which constitutes the most representatrve model for 
evaluating the protective effect of MSP-1 for man. 

The protective effect obtained can be further improved if the p19 
form Is deprived of the hypervarrable region of the; N-terminal portion of 
5 p42, the effect of which can be deleterious in natural situations in which the 
vaccinated subject Is confronted by a great deal of polymorphism. Further, 
p19 appears to possess specific epitopes which are not present in p42. 

The 19 kDa C-terminal fragment, the sequence of which is present 
in the active principle of the vaccine, can be limited to the sequence for the 
10 p19 itself, in the absence of any polypeptide sequence nonnaily upstream 
of the p19 sequence in the corresponding MSP-1 protein. Clearly, though, 
the essential constituent polypeptide sequence of the active principle can 
also comprise a polypeptide sequence for the C-temriinal side belonging to 
the 33 kDa (p33) N-temiinal fragment stiti associated with the pi 9 In the 
15 corresponding p42, before natural cleavage of the latter, if the presence of 
this fragment does not modify the immunological properties of the active 
principle of the vaccine. As will be seen below; in particular in the 
description of the examples, the C-terminaJ sequences of the p33 in various 
strains of the same species of Plasmodium {see thej C-terminal portion of 
20 the peptide sequences of "region lir in Figure 4) afso have a degree of 
homology or substantial conservation of the sequence, for example of the 
order of at least 80%, in different varieties of Pla^modiums which are 
infectious for man, such that they do not fundamentally modify the 
vaccinating properties of the active principle (the sequence ofo which 
25 corresponds to region IV in Figure 4), in particular usin^ the hypothesis which 
foliows from this figure; that the presumed cleavage bite between the pi 9 
and region III of the p33 is located between the ley cine and asparagine 
residues in a particularly well conserved region (LNVQTQ). 

Normally the C-terminal polypeptide sequence of the p33, when it is 
. 30 present, comprises less than 50 amino acid residues, or even less than 35. 
preferably less than 1 0 amino acid residues. 
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In contrast, the essential constituent polypeptide sequence of the 
active principle of the vaccine need not comprise all of the sequence coding 
for p19, naturally providing that the latter retains jthe ability to induce 
antitXJdies which protect against the parasite. In pa(tJCuiar, the molecular 

5 weight of the "fragment portion" is 10 to 25 hDa, fn particular 10 to 15 kDa, 
Preferably, this polypeptide fragment portion contains at least one of the two 
EGF (Epidennal Growth Factor) regions. 

Clearly, the skilled person could distinguish betv/een active fragments 
and those which would no longer be so, in particular experimentally by 

10 producing modified vectors containing inserts w|th different lengths 
originating from the p19, respectively isolated from th^ fragments obtained 
from the sequence coding for p19, by reaction with Appropriate restriction 
enzymes, or by exonucleolytic enzymes which would lie kept in contact with 
the fragment coding for p19 for differing periods; ith© capacity of the 

15 expression products from these inserts in the corresporldfng eukaryotio cells. 
In particular in insect cells, transformed by the corresponding modified 
vectors, to exert a protective effect can then be tested, |n particular under the 
©xpsrtmental conditions which are described below tn the examples. In 
particular, the expression products of these inserts muU be able to inhibit a 

20 parasitemia induced in vivo by the con-esponding whole! parasite. 

Thus, the invention Includes all vaccinating compositions in which the 
essential constituent polypeptide sequence of th^ active principle Is 
constituted by a peptide which can Induce a cellular! and/or humoral type 
immunological response equivalent to that produced byjpiO or a fragment as 

25 defined above, provided that the addition, deletion Or substitution in the 
sequence of certain amino acids by others would; not cause a large 
modification of the capacity of the modified peptide - hjerelnafter termed the 
"immunologically equivalent peptide" - to inhibit said parasitemia. 

The pi 9 fragment can naturally also be associated at the N-termlnal 

30 side or the C-termfnal side or via a peptide bond tola further plasmofdal 
protein fragment having a vaccinating potential (such as; Duffy binding protein 
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from P, v/Vqx (29) or EBA-175 from P. faloipanim (30) and (31), one region of 
which Is specffically rich In cysteine), provided that its capacity to Inhibit 
parasitemia normally Introduced in vivo by the corresponding parasite Is not 
altered but Is amplified. 
5 ijpstream of the N4ermrnal end of p1 9, the fragment coding for p1 9 or 

a portion thereof can also contain a peptide sequence which is different 
again, for example a C-terminal fragment of the signal peptide used, such as 
that for the MSP-1 protein. This sequence preferably comprises less than 50 
amino acids, for example 10 to 40 amino acids. 

10 These observations pertain in similar fashion to the p19s from other 

PiQsmodlum, in particular P falciparum, the dominant species of the 
parasites, responsible for one of the most serious fomis of malaria. 

However, the techniques summarised above for producing a 
recombinant p19 from P, vivax or P, cynomolgi in a bacuiovirus system are 

15 difficutt to transpose unchanged to producing a recombinant p19 of P 
fahipaaim in a satisfactory yield, If only to obtain appreciable quantities 
which will allow rmmunoprotective tests to be carried out. 

The Invention also provides a process which overcomes this problem 
to a large extent. It also becomes possible to obtain much higher yields of P. 

20 falciparum p19 - and other Pfasmodiums where similar difficulties are 
encountered - using a synthetic nucleotide sequence substituting the natural 
nucleotide sequence coding for the p19 of Plasmodium falciparum In an 
expression vector of a baculovirus system, this ^ synthetic nucleotide 
sequence coding for the same pi 9, but being characterized by a higher 

25 proportion of G and C nucleotides than in the natural nucleotide sequence. 

In other words, the Invention follows from the discovery that 
expression of a nucleotide sequence coding for a pi 9 in a baculovirus 
system Is apparently linked to an improved compatibility of successive 
codons in the nucleotide sequence to express with the "cellular machinery" 

30 of the host cells transformable by the baculovirus. ih the manner of that 
obsen/ed for the natural nucleotide sequences normally contained in these 
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baculovirus and expressed in the infected host cjells; hence the poor 
expressfon. or even total absence of expression of k native R falciparum 
nuoieottde sequence; hence also a possitjfe expfangtion of the more 
effective expression observed by Longacre et a[, (il4) for the p19 of P, 
5 vivax In a baculovirus system and, as the inventors h^ve also shown, of the 
P. oynomofgi sequence from corresponding native pi9 nucleotide 
sequences, because of their relatively much higher jamounts of G and C 
nucleotides than those of the native nucleotide seqi^ences coding for the 
p19 of P. felciparum. \ 

10 The rnventrqn thus more generally provides a recombinant 

baculovlnjs type modrfled vector containing, under th^ control of a promoter 
contained in said vector and able to be recognised byi cells transfectable by 
sard vector, a first nucleotide sequence coding tor a signal peptide 
expfoitable by a baculovinjs system, characterized bjf a second nucleotide 

15 sequence downstream of the first, also under the control of the promoter 
and coding for the peptide sequence: i 

• either of a 19 kllodalton (p19) C-termrnal fragment bf the surface protein 
1 of the merozolte form (MSP-I protein) of a Plashodium type parasite 
other than Plasmodium vivax which is infectious fori man, said C4erminat 

20 fragment remaining normally anchored to the parasjte surface at the end 
of its penetration phase Into human erythrocyte^ in the event of an 
Infectious cycle; ' 

• or of a portion of that peptide fragment provided^ that the expression 
product from the second sequence in a baculovirus system is also 

25 capable of Inducing an rmmune response whicJji can inhibit in vivo 
parasitemia due to the corresponding parasite; \ 

• or of an Immunologically equivalent peptide of said C-termlnaJ peptide 
fragment (p19) or said peptide fragment portion by! addition, deletion or 
substitution of amino acids not resulting in a larg^ modification of the 

30: capacity of said immunologically equivalent peptide to Induce a cellular 
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and/or humoral type immunological response similar to that produced by 
sard p19 peptide fragment or said portion of said fragment; and 
said nucleotide sequence having, if necessary, a G and C nucleotide content 
■ in the rang© 40% to 60%, preferably at least 50%,| of the totality of the 
5 : nucleotides from which it Is constituted, This sequence can be obtained by 
constructing a synthetic gene in which the naturaj codons have been 
changed for codons which are rich In G/C without mollifying their translation 
(maintaining the peptide sequence). ; 

The nucleotide sequence, provided by a synth^tib DHA, may have at 
10 : least 10% of modified codons with respect to the natyraJ gene sequence or 
: cDNA whiie retaining the characteristics of the natural; translated sequence, 
• i.e., maintaining the amino acid sequence, r 

It is not excluded that this Q and C nucleotide content could be 
further increased provided that the modifications resulting therefrom as to 
15 the amino acid sequence of the reconnbinant peptide! - or immunologlcaify 
equivalent peptide - produced do not result in a Idss of immunologloaf 
properties, or protective properties, of the recombina(it proteins formed, in 
particular in the tests which will be described below. '[ 

These observations naturally apply to other Pfasmod/um which are 
20 infectious for man, In particular those where the native nudeotide 
sequences coding for corresponding p19s would havb T and A nucleotide 
contents which are pooriy compatible with effective expression In a 
baculovirus system. I 

The sequence coding for the signal used cbn be that normally 
25 associated with the native sequence of the Pfasmodi^m concerned. But it 
can also originate from another Plasmodium, for example P. vivax or P, 
cynomofgi or another organism if it can be recognised as a signal in a 
baculovirus system, 

The sequence coding for p19 or a fragment thereof in the vector 
30 under consideration is, in one case, deprived of the anchoring sequence of 
the native protein to the parasite from which It orlglnattes, in which case the 
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expressed protein is generally excreted into the culture medium (soluble 
form). It is also remarkable in this respect that unHei the conditions of the 
Invention, the soluble and anchored forms of the irebombinant proteins 
produced, In particular when they are from P. falciparum or R cynomolgi or 
5 P, vivax, tend to form oligomers, this property possibly being at the origin of 
the Increased immunogenicity of the recombinant proteins formed. 

The invention also concerns vectors in which jthe coding sequence 
contains the tenminaf 3'end sequence coding for ; the hydrophobic C- 
terminal end sequence of the p19 which is normally implicated in the 

10 Induction of anchoring the native protein to the cell md.mbrane of the host In 
which it is expressed. This S'-termlnal end region can! also be heterologous 
as regards the sequence coding for the soluble p1 9'; portion, for example 
corresponding to the 3'-terminal sequence from P, ^iv&x or from another 
organism when it codes for a sequence which anchorjs the whole of the 

15 recombinant protein produced to the cell membran^ bf the host of the 
baculovirus system used. An example of such anchoring sequences is the 
GPI of the CD59 antigen which can be expres^^ in the ceils of 
Spocioptera frugiperda (32) type insects or the GP| of a CD 14 human 
protein (33), 

20 The invention also, naturally, concerns recomfcsinSant proteins, these 

proteins comprising conformational epitopes recognised; by human serums 
formed against the corresponding Plasmodium. \ \ 

In general, the invention also concerns any recombinant protein of 
the type indicated above, provided that it conipirisies conformational 

25 epitopes such as those produced In the baculovirus jsystem, in particular 
those which are unstable In a reducing medium. 

The Invention also, naturally, concerns said r^dombinant proteins, 
whether they are In their soluble form or in the foM provided with an 
anchoring region, in particular to cellular hosts usejd lln the baculovirus 

30 system. 
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The invention also encompasses oHgomers spohtaneously produced 
in the bacutovjms systems used or produced \8 posteriori, using 
conventional protein oHgomerisatron techniques. The tnosi commonly used 
technique involves glutaraldehyde. However, any cor^iventtonal system for 
bridging between the respective amine and carboxyl functions in proteins 
can be used. As an example, any of the techniques described in European 
patent application 602 079 can be used. 

The term '^oligomer" means a molecule containing 2 to 50 monomer 
units, each of the monomer units containing pi 9 or a (fragment thereof, as 
defined above, capable of forming an aggregate. \ The Invention also 
encompasses any conjugation product between a p19 br a p19 fragment as 
defined above, and a carrier molecule - for example ^ poiylyslne-alanin© - 
for use In producing vaccines, via bonds which are c0valent or other/vise. 
The vaccinating compositions using them also form pa(t of the Invention. 

The invention still further concerns vaccine compositions using these 
oligomeric or conjugated recombinant proteins, InctfJding proteins from 
Plasmodium vivax, these observations also extending ^o oligomers of these 
recombinant proteins, ; 

The invention also encompasses compositions in which the 
recombinant proteins defined above are associated vyith an adjuvant, for 
example an alum. Recombinant proteins containingj the C-terminal end 
region allowing them to anchor to the membrane of th^ cells in which they 
are produced are advantageously used in combination With lipids which can 
form liposomes appropriate to the production of vaccines. Without being 
limiting, lipids described, for example, in the publibation entitled "Les 
[jposomes aspects technologique, biologique et| pharmacoiogique" 
[Liposomes: technological, biological and pharmacological aspects] by J. 
Delattre et aL, INSERM, 1993, can be used. 

The presence of the anchoring region in the fecomblnant protein, 
whether it is a homologous or heterologous anchoring region as reganis 
the vaccinating portion proper, encourages the prodluction of cytophilic 
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antibodies, in particular IgGa^ and lgGa> type in the | mouse which could 
have a particularly high protective activity, so that associating the active 
principles of the vaccines so constituted with adjuvant^ other than the iipids 
used to constitute the liposome forms could be dispensed with. This 

5 amounts to a major advantage, since liposomes can foe lyophiltsed under 
conditions which enable them to be stored and tranSsported, without the 
need for chains of cold storage means. 

Other characteristics of the Invention will become clear from the 
following description of examples of recombinant proteins of the invention 

JO and the conditions under which they can be produced. These examples 
are not intended to limit the scope of the invention. | 
Description of the construction of PfMSPIpigS (sottible) (soluble p18 
from P. faiciparum) 
The recombinant construction PfMSPIpigS bontains the DNA 

J 5 corresponding to 8 base pairs of the leader sequerjce and the first 32 
amino acids of the MSP-1 of Plasmodium vivax from f^et, to ASP32 (Beiem 
isolate; Del Portillo et al., 1991, P. N. A. S., 88, 4030)|followed by GluPhe 
due to the EcoRI site connecting the two fragments. \ This is followed by 
the synthetic gene described in Figure 1, codinb the Plssmocflum 

20 falciparum MSPIpig from Asnisi^ to Ser^jos (Uganda^Palo Alto isolate; 
Chang et al., 1988, Exp. Parasltol., 67, 1). The constnjcftion is terminated by 
two TAA stop codons. This construction gave rise to a; recombinant protein 
which was secreted in the cultuns supernatant from infected cells, 

In the same manner and for comparison, a recombinant construction 

25 was produced under conditions which were similar to those used to produce 
the pi 9 above, but working with a coding sequence dortslsting of a direct 
copy of the con-esponding DNA of the P. falciparum st^ln (FUP) described 
by Chang et al., Exp. Parasit. 67.1; 1989. The natural gene copy (from 
asparagine 1613 to serine 1705) was formed from the native gene by PGR, 

30 Figyre 1A shows the sequences of both the synthetic gene (Bad 9) 

and the "native gene" (PF1 9). 
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It can be seen thst 57 (radons of the 93 c^dons of the native 
sequence coding for the p19 from P. falciparum werfe modified (the third 
nucleotide In 56 of them and the first and third nuclebtides in the other 2 
codons). New codons were added to the 5' end to introduce the peptide 
5 signaJ under the condrtions indicated above and to intrbduce an EcoRI site 
for cloning, and similarly two stop codons were added which were not 
present in the P. falciparum p19 to obtain expressjonj termination signals. 
The individual letters placed above successive codons correspond to the 
respective successive amino acids. Asterisks (*) ehdw the stop codons. 
to Verticai ilnes indicate the nucleotides which are the same In the two 
sequences ■ 
Description of the PfMSPIpi^A construction (ancho(ec> GPI) (anchored 
p1 9 of R falciparum) 
The PfMSPIpigA constmctron had the characteristics of that above 
15 except that the synthetic sequence (Figure IB) code^ for the MSPIpig of 
Plasmodium falciparum (Uganda-Palo Alto Isolate) frqm Asnie^g to 116,726 
followed by two TAA stop codons. This construction gave rise to a 
recombinant protein which was anchored in the plasma membrane of 
Infected cells by a glycosyl phosphatidyl inositol (GPI) tyi^e structure. 
20 Figure 1 C represents the PfMSPI pigS recombinant protein sequence 

before cutting out the signal sequence. 

Figure 10 represents the PfMSPI pi^S recombinant. protein sequence 
after cutting out the signal sequence. 

The amino acids underlined In Figures 1C and ip originate from the 
25 EcoR1 site used to join the nucleotide sequences derived from the N- 
tenninal portion of the MSP-1 of P. vivax (with signal 'sequence) and the 
MSP- 1 pi9 of P- falciparum. 

Figure 2 - The soluble recombinant PfMSPI pis! antigen purified by 
Immunoaffinity was analysed by immunoblot using :iSDS-PAGE In the 
30 presence (reduced) or absence (non reduced) of fe-mercaptoethanol. 
Samples were charged onto gel after heating to QS^C.In the presence of 
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2% BOS. Under these conditions only covglent typ.e bonds (disuiphide 
bridges) can resist disaggregation. The left hand biotiwas reveaied with a 
monoclonal antibody which reacted with a linear epitope of natural pi 9. 
The right hand blot was revealed with a mixture ofj 13 human antlsera 
originating from subjects with acquired ImmLinity ^to malaria due to 
Plasmodium falciparum. These results show th^t the recombinant 
bacuiovlrus molecule can reproduce conformational epitopes in the form of 
a polymer the majority of which are recognised by hum^n antisenjm. 

Figure 2B: Immunobiot analysis with human antiserum of 
recombinant purified MSP-I pi 9 from R vfvax and P. cynomofgi under 
non reduced (NR), reduced only in the charging|medium (R) and 
Irreversibly reduced {IR) condltiorfs: 

This work was based on the idea that the bapulovinjs expression 
system correctly reproduced the confonnational epitopes present m vivo on 
the C-termina! portion of MSP-I fn large amounts. jThe best means of 
measuring this property (which may be the only pojssible means in the 
absence of native purified proteins corresponding to p|19) was to study the 
reactivity of the recombinant proteins with the antiserum of individuals 
exposed to malaria, this reflecting the native proteins as "seen" by the 
human immune system, | 

Thus soluble recombinant PvMSP-1 pi 9 and Po;MSP-1 p19 antigens 
purified by immunoafflnlty were analysed by Immunobjot using SDS-PAGE 
(15%) In the presence (reduced) or absence (noii reduced) of DTT, 
Samples were charged onto gel after heeting to gS^G in the presence of 
2% SDS. The irreversible reduction was carried out as follows: the protein 
was resuspended in 0.2 M Trts-HCI, pH 8.4, 100 mM PTT, 1,0% SDS and 
heated for 30 minutes at 70*C. After diluting with water, acrylamlde was 
added to a final concentration of 2 M and the mixture was incubated under 
nitrogen in the dari<; for 1 hour at SZ'C. The immunoblpt was revealed with 
a mixture of 25 human antlsera originating from subjejcts with an acquired 
immunity to malaria due to Plasmodium vivax. V'and C respectively 
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designate proteins derived from the MSP-1 of R vivax 



and P. cynomolgi It 



should be noted that irreversibly reduced recombinant |proteins exhibited no 
reactivity with human antiserum while non in-eversibiy reduced proteins or 
nOn reduced proteins exhibited good reactivity. (T^e non reduced Pv 
MSP-1 pi 9 was a little weak since In Its glycosylated state it does not bind 
well to nitro-celiulose paper), These results showj that recognition of 
baculovirus MSP-1 pi 9 molecules by human antisefum is largely if not 
completely dependent on conformational epitopes sensitive to reduction 
which are reproduced In this system. 

Figure 3 - The soluble PvlVlSPIp^^ recombinant antigen (Longacre et 
al,, 1994, op. Cit.) was incubated for 5 hours at 37'^ in the presence of 
protein fractions derived from merozoites of P. faiciparum and separated by 
isoiectrofocussing. The samples were then analysed by immunoblot in the 
presence (reduced) or absence (non reduced) of] B-mercaptoethanol. 
Isoiectrofocussing fractions 5 to 12, and two total merbzolte extracts made 
In the presence (Tex) or absence (T) of detergent, v/ere analysed. The 
Immunoblot was reveaied with monoclonal antibodies 
and pig of P. vivax. The results suggest that there is a 
the P. faiciparum merozoites which can be extracted with detergent. 
Digestion of p42 in certain fractions appear to cause polymerisation of the 
digestion products (p19); this polymerisation is probably linked to the 
formation of disulphlde bridges since In the presence o' (i-mercaptoethanol, 
the high molecular weight forms disappear in favour of a molecule of about 
19kDa (Tex-R), The pi 9 polymerisation observed iiS these experiments 
could thus be an Intrinsjc property of this molecule in viyo. 
Figure 3B: The differential contribution of p42 and 3l9 antigens to the 
P, vivax anti-WSP-1 human re^pon^e. 

Recognition of P. vivax MSP-1 p42 and pjs antigens by the 
antiserum of individuals with an acquired immunity to P. vivax was 
compared using the ELISA inhibition technique as follows; a mixture of 25 
human antisera originating from subjects with an acquired immunity to 



specific for M$P1p4z 
proteolytic activity In 
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malaria due to P. vivax was diluted to 1:5000 and inci^bated for 4 hours at 
ambient temperature either alone, or in the presence <j>f a 1 mM purified P, 
viv&x recombinant p42 or p19. This mixture was transferred to a microtltre 
wefl which had been coated for 18 hours at 4'C with 5|00 ng.mr'' of purified 

5 absorbed recombinant p42 or p19, and incubated for 3i3 minutes at ambient 
temperature. After washing with PBS containing Q.1%[0f Tween 20, a goat 
anti-mouse IgG conjugated with peroxidase was ad^ed and the mixture 
was incubated for 1 hour at 37°C, The enzymatic actiyrty was revealed by 
reading the optical density at 492 nm. The perce^>tage inhibition was 

10 calculated based on values of 1 00% of antiseoim activity with the coated 
antiserum on the microtltre pfate in the absence of d competing antigen. 
Statistical data were calculated using a Statvlew pirogram. Each bar 
represents the average percentage inhibition! of a pair of 
competing/absorbed antigens based on 4 to 12 detemjiinations; the vertical 

15 lines correspond to a 95% confidence interval. Asterisks (*) designate the 
antigens produced in the presence of tunicamycii}, thus with no N- 
glyoosylation. The important parameters of these measurements were the 
dilution of the antiserum by 1 :5000 which is in the region which Is sensitive 
to ELISA curves and the competing antigen concentr^ions of 1 mM which 

30 includes competition by low affinity epitopes. Thus tf^ese data reflect the 
maximum resemblance between the two compared antigens. The results 
show that the majority, if not all of the p42 epltope^i recognised by the 
human antiserum are present on the p19 since in the piresence of the latter, 
the reactivity of the human antiserum against p42 is ihhibtted as much as 

25 by the p42 antigen itself. In contrast, however, about 20% of the p19 
epitopes recognised by human antiserum were not orjwere not accessible 
on the p42, since the reactivity of the human antise^!um against the pi 9 
was much less Inhibited by p42 than by pi 9 Itself. Sijch specific epitopes 
of pi 9 can be constituted or revealed only after cleavjng the p42 into pi 9 

30 and p33. These results were not affected by glycosylatlon showing that the 
effect Is really due to a difference between the peptrd^ components of pi 9 
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arid p42 and not to a difference in glycosytation. Thess results underline 
the fact that p1 9 has a distinct immunological identity to p42. 
Description of the PcMSPIpi^S (soluble) construction (soluble pi 9 of 
P, cynomolg!) 

? The DNA used for the above construction was obtained from a clone 

of the Plasmodium cynomolgi ceylonesis strain (22-23). This strain had been 
maintained by successive passages through its natural host (Wacaca sinica) 
and cyclic transmissfons via mosquitoes (27). 

Blood parasites In the mature schizont stage were obtained from 

10 Infected monkeys when the parasitemia had attained a level of 5%. They 
were then purified using the methods described in (25). i The DNA was then 
extracted as described fn (26). 

A 1200 base pair fragment was produced using a PGR reaction using 
the oligonucleotides underilned in Figure 4 originating frlom P. v/Vax. The 5* 

15 oligonucleotide comprised an EcoRI restriction i site and the 3' 
oligonucleotide comprised two synthetic TAA stop codons followed by a Bglll 
restriction site. This fragment was Introduced by ligation land via these EcoRl 
and Bglll sites into the pVLSVaoo plasmid already containing the signal 
sequence for the MSP-1 protein of P. vivax (19), ! The new plasmid 

20 (pVLSV2ooC42) was used to analyse the DNA sequences J 

The P cynomolgi and the corresponding P.vivax. sequences ware 
aligned. The black arrows designate the presumed priiriary and secondary 
cleavage sites. They were detemnined by analogy with known sites in P, 
falciparum (27, 2S), The vertical lines and horizontal ! an-ows localise the 

25 limits of the four regions which were studied. Region 4 jcon'esponded to the 
sequence coding for the P. cynomolgi p19, Glycosylation sites are boxed 
and the preserved cysteines are underilned. The lower; portion of Figure 4 
shows the percentage Identity between the two isolate$ of P, wVax and P. 
cynomolgi 

. 30 The recombinant construction PcMSPIpigS contains the DNA 

corresponding to 8 base pairs of the leader sequence and the first 32 
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amino acids of the MSP-1 of Plasmodium vivax from Met, to Asp32 (Belem 
isolate; De! PortiHo et al.. 1991, P. N. A. S„ 88, 4030) followed by GluPhe, 
due to the EcoRI site, connecting tho two fragments, j This is followed by 
the sequence coding for the Plasmodium cynomolgl UpP^p-^^ from Lysz/e to 
Sar^et, (Ceylon strain). The construction was tennrnatbd by two TAA stop 
codons. This construction gave rise to a recombinant protein which was 
secreted In the culture supernatant of Infected celts. | 

Purification of recombinant PfMSPI p1 9 protein by JmmunoafRnJty 
chrontatography with a monoclonal antibody specif leally recognising 
Vh& p19 of Plasmodium fatcfpanitn 
The chromatographic resin was prepared by |binding 70 mg of a 
monoclonal antibody (obtained from a G17.12 hybrldo'ma deposited at the 
CMCM [National Collection of Microorganism Cultures] (Paris, France) on the 
.14*^ February 1997, registration number 1-1846; this G17.12 hybridoma was 
constnjcted from X63 Ag8 653 myeloma producing \gG\ 2a/k recognising the 
P, falQfpQrum pi 9) to 3 g of activated CNBr-Sepharose 4B (Pharmacia) using 
standard methods detailed in the procedure employed! by Pharmacia. The 
culture supematants containing the soluble PfMS(P1pl9 were batch 
incubated with the chromatographic resin for 16 hours iat 4'C. The column 
was washed once with 20 volumes of 0.05% NP40, 6.5 M of NaCf, P&S; 
once with 5 volumes of PBS and once with 2 volumes! of of sodium 

phosphate, pH 6.8. Elution was carried out with 30 ml; of 0.2 M glycine, pH 
2-2. The eluate was neutralised with 1 M sodium phosphate, pH 7.7 then 
concentrated by ultrafiltration and dtalysed against PBS. To purify the 
anchored PfMSPI p19, all of the washing and elution solutions contained a 
supplemental 0.1% of 3-(dlmethyl-dodecylammonro)^propan© suiphonate 
(Fluka). 

Recombinant Plasmodium vivax (p42 and p19) MsH vaccination test 
In the squirrel monkey SaSmin soiuhus 
This vaccination test was canned out on male nbn splenectomised 2 
to 3 year old Saimin' sciureus botiviensis monkeys, three monkeys were 
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injected 3 times intramuscularly at 3 weel< intervals with a mixture of about 
50 to 100 jjg each of recombinant soluble PvMSPVziaitd pig (19), purified 
by immunoaffinity. Compfete and incomplete Freund adjuvant was used as 
follows: 1** injection: 1:1 FCA/FIA; 2"^* injection: 1:4 FCa/FIA; 3"^ injection: 

5 FIA. These adjuvant compositions were then mixed 1/1 with the antigen in 
PBS. Five control monl^eys received the glutathioneiS-transferase (GST) 
antigen produced in E. poll using the same protodot. The challenge 
infection was carried out by injecting 2x10^ red blood bells infected with an 
adapted Plasmodium vivax strain (Belem) 2.5 w^eks after the final 

10 injection. The protection was evaluated by determining parasitemia daily in 
all animals by examining smears stained with Giemsa. i 

The curves in Figure 5 show the variation in the measured 
parasitemia as the number of parasited red blood cells per microlltre of 
blood (up the ordinate, logarithmic scale) as a functioh of the time passed 

15 after Infection (in days). Curve A corresponds to ithe average values 
observed in the three vaccinated monl^eys; curve: B' con^esponds to the 
average values in the five control monkeys. \ 

An examination of the Figure shows that the effect of the vaccination 
was to greatly reduce the parasitmisa. 

20 Recombinant Pf^smodium cynomolgi (p42 and p19) MSPI vaccination 
test (n the toque macaque Macaca s^nlca 
Fifteen captured monkeys were used as follows: (1) 3 animals 
injected with 100 pg of soluble PcMSP1p42; (2) 3 animals injected with 
35 pg (1^' injection) or 50 pg (2""* and 3"^ injections) of soluble PclVISP1p42; 

25 (3) 3 animals injected with a mixture of PcMSP1p42 and pig; (4) 3 animals 
injected with adjuvant plus PBS; (5) 3 animals not injected. Complete and 
Incomplete Freund adjuvant was used in the protodol described above, 
injections were intramuscular at 4 week inten/ais. Thb challenge infection 
was made by Injecting 2 x10^ red blood cells infectbd with Plasmodium 

30 cynomolgi 4 weeks after the last injection. Protection was evaluated by 
determining parasitemia daily in ail animals by examining the parasitemia 
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(In days along the 



saline solution also 



wfth Giemsa. Parasitemia were classified as negatrv^ only after counting 
400 smear fields. The parasitemia were expressed as a percentage of 
parasitised red blood ceils. 

Figures 6A - 6G show the results obtained. $ach of them shows 
parasitemia (expressed as the percentage of parasitised red blood cells 
along the ordinate on a logarithmic scale) observdid in the challenge 
animals as a function of the time after infection 
abscissa). 

The results relate to: 

• in Figure 6A; non vaccinated control animals; 
w Figure 6B relates to animals which received a 

containing Freund adjuvant; 

• Figure 6C is a superposition of figures 6A and ^B, with the aim of 
highlighting the relative results resulting from adm nistration of Freund 
adjuvant to the animals (the variations are dearly not significant); 

w Figure 6D provides the results obtained at the end of vaccination with 
p42; 

• Figure SE concerns animals vaccinated with pi 9 alone; 

• finally, Figure 6F concerns animals vaccinated with ^ mixture of pi 9 and 
p42, 

The p42 certainly induced a certain level of protection. However, as 
shown in Figures 6E and 6F, the protection confen-ed by the recombinant 
pi 9 of the Invention was considerably better. 

The hypothesis can be formulated that the 
resulting from secondary cleavage of p42 which 
revealing free cysteine which, as a result, forms Intermolecular bridges 
giving rise to p19 multimers which are highly characteristic of this fbnr^ In 
recombinant proteins of the three species tested. 

The numbers used to produce graphs (6A-6F) 

60. 



mproved protection 
s accompanied by 



are given in Figure 
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P. cynomoigi toque macaque vaccination test; Second challenge 
infection of monkeys vaccinated with pi 9 alone af^d controls (Figures 

8) I 
Six months later, with no other vaccination, th^ 3 macaques which 
5 received the pi 9 MSP-1 alone with FCA/FiA (Figure 6E) and the 3 
macaques which received a saiine solution contarnjn^ Freund adjuvant 
(Figure 6B) and 2 new unaffected unvaccinated monkeys underwent a new 
challenge infection by injecting 1x10^ red tJlogdj cells infected with 
Plasmodium oynomolgl Protection was evaluated by determining 

}p parasitemia daily In all animals by examining Gi^msa smears. The 
parasitemia were classified negative only after counting 400 smear fields. 
The parasitemia were expressed as the percentag^ -of parasitised red 
blood cells (the figures used to produce graphs 8A-d are given in Figure 
8D). The six immunised animals which underwent challenge infection six 

15 months earlier had no detectable parasitemia except jfbr 1 animal in each 
group which exhibited a parasitemia of 0.008% for 1 ^ay (Figures 8A and 
SB). The two unaffected controls exhibited a conventlprial parasitemia with 
a maximum of 0.8% and for 21 days (Figure 8C). I Thus the 3 animals 
vaccinated with the MSP-l pi 9 were also protected iix months later than 

20 the 3 controls which exhibited a complete conventioiiaf infection after the 
first challenge Infection, despite the absence of or a v^ry slight parasitemia 
. after the first challenge infection. These results suggest that the protection 
period for pi 9 is at least six months. | 
Vaccination tost with pi 9 in aasocratlon with alum |in the P, cynomolgi 

25 toque macaque system (Figures $); 

The previous positive protection results were obtained using 
complete (FCA) or incomplete (FIA) Freund adjuvani ;However, the only 
adjuvant which is currently allowed Fn man is aium. | For this reason, we 
carried out a vaccination test with P, cynomolgi MStf^-l pi 9 In the toque 

30 macaque in the presence of alum as the adjuvant. Q\% captured macaques 
were used as follows: (1) 3 animals injected with 4 doses of 50 mg of 



Fax en is ^ar: 33 01 42 66 08 90 GUTMAHN-PLASSERAUD 



le 13/08^98 17:05 A4 NORM Pg : 158/210 



25 .; 

I 

recombinant P. cynomolgl MSP-1 pi 9 with 20 mg ofiaium; (2) 3 animals 
injected 4 times with physiological water and 10 mg of jalum. The Injections 
were Intramuscular at 4 week Intervals. The challenge infection was made 
by injecting 2x10^ red blood cells infected with P, cynbmo/p/ 4 weeks after 

5 the last injection. Protection was evaluated by ddily determination of 
parasitemia in all animals by examining Giemsa smeajrs. The parasitemia 
were classified negative only after counting 400 smeaf fields. Parasitemia 
were expressed as the percentage of parasitised rd,d blood celis. The 
results of this experiment were as follows, 2 of the 3 rriacaques immunised 

]o with recombinant pi 9 with alum had about 30 times t^ss total parasitemia 
during the infection period (Figures 9A and 9B) jthan the 3 control 
macaques immunised with physiological water and aliim (Figure 9D) after 
the challenge infection. The third macaque immunised with p19 (Figure 
9C) was not very different from the controls, For the vaccination test using 

15 Plasmodium cynomolgi p19 in the toque macaque, m&cac$ slnlca, 
described in Figure 9, the data used to produce the jgraphs (9A-9D) are 
given in (Figure 9E). While the results are a little less spectacular than the 
preceding results (Figures 6, 8), this Is the first time that significant 
protection has been observed for recombinant MSP-1 v^lth alum. 

20 Figure 10: Vaccination test with a recombinant Plasmodium 

fafQiparum p19 In the ©quirref monlfey 
Twenty Saimiri sciureus guyanensis (squirrel nCionkeys) of about 3 
years old raised in captivity were used as follows: (li) 4 animals Irtjected 
with 50 mg of soluble Pf MSP-1 pi 9 in the presence of Freund adjuvant as 

25 follows: 1^ injection: 1:1 FCA/FIA; 2""^ injection: 1:4 FOA/FIA; S'^ injection: 
FIA, These adjuvant compositions were then mixed! with 1:1 antigen in 
PBS; (2) 2 control animals received Freund adjuvant jas described for (1) 
with onfy PBS; (3) 4 animals injected with 50 mg of soluble Pf MSP-1 p19 
in the presence of 10 mg of alum (Alu-GeUS, Serve); (4) 2 control animals 

30 received 10 mg of alum with only PBS; (5) 4 animals: Injected with about 
60-100 mg of C3PI anchored Pf MSP-1 pi 9 reconstituted into liposomes as 

i 
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foHows; 300 mmoles of cholesterol and 300 mmoles of phosphatidyl choline 
were vacuum dried and resuspended In 330 mM of N-octylglucoside in 
PBS with 1,4 mg of Pf MSP-1 p19, GPL This solution had been dtalysed 
against PBS with adsorbent Bio-Beads SM*2 (Bio-Rad) and the liposomes 

5 formed were concentrated by centrifuging and resuspehded In PBS The 1^' 
injection was made with fresh liposomes kept at 4''C; and the 2"^ and 3"^ 
injections were made with liposomes which had been frozen for 
preservation; (0) 2 animals Injected with control lipPsomes made In the 
same way, In the absence of the pi 9, GPI antigen as described for (5); (7) 

10 2 animals Injected with physiological water. Three intramuscular Injections 
were made at 4 weeK Intervals. The challenge Infection was made by 
injecting 1 x 10^ red blood cells Infected with Plasmodium falciparum. 
Protection was evaluated by determining parasitemia <|al(y in all animals by 
examining the Glemsa smears. Parasitemia were; expressed as the 

15 percentage of parasitised red blood cells. The results of this vaccination 
test are shown In Figures 10, A-^, 

The groups Immunised with p19 In Freund sfdjuvant or liposome 
demonstrated similar parasitemia to the control groups after a challenge 
infection (one animal (number 29) vaccinated with p1^ In Freund adjuvant 

20 died several days after challenge Infection for reasons independent of 
vaccination (cardiac arrest". Irregularities In administration of the antigen in 
these 2 groups (poor Freund emulsion, congealed lipoisomes) did not allow 
the significance of these results to be compietely evaluated. In the alum 
group, 2 animals showed total parasitemia for the dui^ation of the infection 

25 about 4 times less than the controls, 1 animal about 3 times less and 1 
animal was similar to the controls. This experiment was a little difficult to 
Interpret due to the variability in the controls, probably due to the strain of 
parasite used for the challenge infection which would^ not have been quite 
adapted to the non splenectomised Saimlri model developed only recently 
. 30 in Cayenne. However, the real effect with alum, although Imperfect, is 
encouraging In that our antigens seem to be the only recombinant P. 
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falclparurrf MSP-1 versions which currently hav^ |5hown a certain 
effectiveness tn combination with alum. 

Vaccination test with a recombinant Plasmodium fMporum pl9 fn the 
squirrel monkey (same test as for Figiiws 10) 
5 : Monkeys bred in captivity were injected intramus^jularly with 1 mt of 

inoculum twice at 4 week intervals as follows: (1) 4 animals rnjected with 
. 60 jjg of soluble PfMSPI pi 9 In the presence of Freund adjuvant as follows: 
.. 1^^ injection: 1:1 FCA/FIA; 2"*^ injection; 1:4 FCA/FlAi; a^d mixed then 1:1 
with the antigen in PBS; (2) 4 animals injected with 50 of soluble 
10 PfySPp19 in the presence of 10 mg of alum; (3) 4 animals injected with 
about 50 M9 of GPI anchored PfMSP1p19 reconstiMed into liposomes 
■ composed of 1:1 moiar cholesterol and phosphatidyl Choline. The animals 
: were Wed 17 days after the second injection. 

Red ceils from a squin-ei monkey with 30% parasitemia due to P. 
]5 mipiparum (with the mature forms in the majority) WQ;re| washed with PBS 
and the residue was diluted 8 times In the presence: of 2% SDS and 2% 
dithiothreitol and heated to 96' before being charged onto a polyacrylamide 
: gel of 7.5% (separation gel) and 4% (stacking gel). After transfer to 
. nitrocellulose^ immunoblot analysis was canied out with antisera as foUows; 
20 • (1) pool of antisera of 4 monkeys vaccinated with soluble PfMSP1p19 in 
Freund adjuvant, twentieth dilution; (2) pool of antisera of 4 monkeys 
vaccinated with soluble PfMSP1p19 in alum adjuvant,;=twentieth dilution; (3) 
pool of antisera of 4 monkeys vaccinated with anchored PfMSP1p19 in 
liposomes, twentieth dilution; (4) monoclonal antibody, which reacts with a 
25 • linear epitope of PfMSPI p19, 50 mg/ml; (5) SHI90 antisbra pool originating 
from about twenty monkeys repeatedly infected with i P. fafciparvm and 
' which had become unaffectable by any subsequent infection with P. 
falciparum, five hundredth dilution; (6) antiserum; pool of unaffected 
monkeys (never exposed to P. falcip&rum), twentieth diiiitlon. 
30 The results show that the 3 antiserum pools of monkeys vaccinated 

with PfMSPI pi 9 reacted strongly and specifically with very high molecular 
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weight complexes (diffuse In the stacking gel) and present in parasite 
extracts contafning more mature forms. These results support the 
hypothesis that a specific aggregate of PfMSP1p19 is present in vivo 
comprising epitopes which are reproduced in recombinant PfMSP1p19 
5 molecules synthesfsed in the baculovirus system, In partrcuiar oligomeric 
forms thereof, 

Figure 7 also illustrated these results. It shows Immunoblots 
produced on geL The first three gel tracks Illustrate the in vivo response of 
monkeys to injections of p19 [(1) with Freund adjuvant, (2) with alum, (3) In 

.10 the form of a liposome] and in particular the existence of high molecular 
weight complexes supporting the hypothesis of in vivo aggregation of p19 
in the form of an oligomer, specific to the maturation stpge (when p42 is cut 
into p19 and p33)- 

This vaccination test also comprises a third injection Identical to the 

15 previous injections. The injection with Freund adjuvant contained only FtA. 

There were two animal controls for each group, namely: 2 control 
animals injected with PBS and Freund adjuvant; 2 control animals injected 
with PBS and alum; 2 control animals injected with liposomes without 
protein; and two control animals injected with PBS without adjuvant, 

20 Protection was evaluated as described above. 

Figure 7B: The data for this Figure were derived from the squirrel 
monkey P. faicipsrvm I vaccination test (Figure 10 below). The numbers 
correspond to the individual monkeys noted in Figure 10. The techniques 
and methods for this Figure were the same as for Figure 7 except that the 

3? individual antiserum for each monkey was tested after three injections the 
day of the proof injection and the SHI antiserum was diluted by 1 :250. The 
results show that the antiserum for 4 monkeys vaccinated with pi 9 and 
alum reacted strongly and specifically with very high molecular weight 
complexes while the monkeys of other groups vaccinated with p19 and 

30 Freund adjuvant or liposomes showed only a tittle Reactivity with these 
complexes. Since the monkeys vaccinated with pi 9 and alum were also 
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the best protected, this reaetivrty with the high molecujar; weight complexes 
appeared to indicate a protective effect, despite one bonkey in the group 
not being protected with respect to the controls and that another was only 
partially protected. 

The invention also» of course, concerns ot(^er applications, for 
example those descrfbed below with respect to certltiri of the examples, 
although these are not Ifmiting fn character. 

Therapy 

The recombinant molecule PfMSP1p19 can be used to produce 
specific antibodies which can possibly be used by passive transfer for 
therapeutics for severe malaria due to P. fslciparum wh6n there is a ri$k of 
death. 

Diagnostics 

The recombinant molecules PvMSP1p42.; PvlVlSP1p19 and 
PfMSPp19 derived from baculovrrus can and have bden used to produce 
specific murine monoclonal antibodies. These antibodies, in combination 
with polyclonal antl-MSP1p19 antisera originating fi'om another species 
such as the rabbit or goat can form the basis of a semi-quantitative 
diagnostic test for malaria which can distinguish between malaria due to P. 
falciparum, which can be fatal, and malaria due tb P vivax, which ts 
generally not fatal. The principle of this test is to trap and quantify any 
MSP-1 molecule containing the p19 portion In the bloo^. 

In this context, the advantages of the MSP1^19 molecule are as 
follows: 

(i) it is both extremely well conserved in the same species and sufficiently 
divergent between different species to enable speqtfid; species reactants 
to be produced. No cross reaction has be&H observed between 
antibodies derived from PfMSP1p19 and PvMSP1p19; 

(ii) the function of MSP1p19. while not known with precision, seems to be 
$ufnci©ntly important that this molecule does not Vary significantly or is 
deleted without lethal effect for the parasite; 
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(I'ji) it is a major antigen found in all merozoites and thus It must in principle 
be detectable even at low parasitemia and proportionally to the 
para^Kemla; 

(iv) since the recombinant MSP1p19 molecules derived from baculovirus 
5 appear to reproduce more of the native staictufe of MSP1p19, the 
antibodies produced against these proteins will be well adapted to 
diagnostic use. 

The microorganisms identifped below have been deposited under 
Rule 6,1 of the Treaty of Budapest of 1 ^ February 1996 . under the 
10 following registration numbers: 



Identlfic^tfpn reference Registration ni 

PvMSP1p19A M659 

PvMSP1p19S 1-1600 

PfMSP1p19A 1-1661 

PfMSP1p19S 1-^662 

PcMSP1p19S 1-1663 



The invention also concerns the use of these Antibodies, preferably 
fixed to a solid support (for example for affinity chrcimatography) for the 
purification of type p19 peptides initially contained in a mixture. 
15 Purification means bringing this mixture into contact with an 

antibody, dissociating the antigen-antibody complex' and recovering the 
purified p1 9 type peptid e. 

The invention also concerns vaccine compositibns, also comprising 
mixtures of proteins or fragment, in pariiicular mixtures pf the type: 
20 • P. falciparum pi 9 and P. vivax p1 9; 

♦ P. falciparum p19 and P. fslcsperum p42, the latter if necessary being 
deprived of its most hypervariable regions; 
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• P. vivax p19 and P. vivax p42, the latter If necessary being deprived of 

its most hypervariable regions; 
» P. felciparum p19 and P. falciparum p42, the l8tte(r If necessary being 

deprived of its most hypervarlable regions, P- viyax pi 9 and R vivax 
5 p42. the latter if necessary being deprived of It^ most hypervarlable 

regions. 

In the present case, the most hypervarlable rebions are defined as 
regions i Q£ region tl and ail or part of region 111^ the; portion of region III 
which is preferably deleted being that which is Juxtapi>sed to region II (the 
10 conserved portion being located to the side of the C-t^rminal of p33. close 
to the pi 9). Regions I! and III are illustrated in Figure |. 

The invention is not limited to the production of human vaccine. It Is 
also applicable to the production of veterinary vaccine compositions using 
the corresponding proteins or antigens derived from': parasites which are 
J 5 Infectious for mammals and products under the sar|ne condttions, It is 
known that infections of the same type, babesiosis, also appear in cattle, 
dogs and horses. One of the antigens of the Babesia species has a high 
conformational homology (in particular in the two EFiG-like and cystelne- 
rich domains) and functional homology with a protein portion of MSP-1 
20 1(36). (37) and (38)1. I 

Examples of veterinary vaccines using a soluble antigen against 
such parasites have been described (39). 

It goes without saying that the p19s used in these mixtures can also 
be modified as described In the foregoing when considered in isolation. 
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The invention also concerns hybridomas secreting specific 
antibodies selectively recognising the p19 of a MSP-1 protein in the 
merozoite form of a Plasmodium type parasite which is infectious for man 
15 other than Plasmodium vtvsx and which does not recognise Plasmodium 
vivax. 

in particular, these hybridomas secrete monoclonal antibodies which 
do not recognise Plasmodium vivax and which &pecificaily recognise 
Plasmodium faloiparum pi 9, 
20 The invention also concerns a hybridoma characterized in that it 

produces a specific antibody which specifically recognises the p19 of P. vivax 
and the pi 9 of R cynomoigt. A F10-3 hybridoma has been constmcted from 
the X63 Ag8 653 myeloma producing lgG2b/k recognising the p42 
glycoprotein of Plasmodium vivax. 

25 
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CLAfMS \ 
A recombinant protein whose essentral coristituent polypeptide 
sequence is: 

• eitiier that of a 19 l^liodaiton (p19) C-temrtinal fragment of the 
surface protein 1 of the merozoite form (iVlSP-l protein) of a 
Plasmodium type para&ite other than PIdsmpdjum vivax which is 
infectious for mammals, in particular for man, the C4erminal 
fragment remaining normally anchored to th^ parasite surface at 
the end of its penetration phase into humah erythrocytes in the 
event of an infectious cycle; 

• or that of a portion of that fragment which Is also capable of 
inducing an immune response which ^n inhibit in vivo 
parasitemia due to the corresponding parasit^; 

• or that of a peptide which is capable of Inducing a cellular and/or 
humoral Immunoiogical response equivalent to that produced by 
said pi 9 fragment or said portion of that fragment; and 

said recombinant protein possibly further comprising confomnational 
epitopes which are unstable in a reducing ; medium and wNch 
constitute the majority of the epitopes recognised by human 
antisemms formed against the corresponding Plasmodium. 
A recombinant protein according to claim 1 , characterized in that it is 
recognised by human antiserums formed agairist the corresponding 
Plasmodium or against a homologous Plasmodium when it is in its 
non reduced state or in a reduced non irreversible state, but ts not 
recognised or is only recognised to a slight e)rtem by these same 
antlsenums when ft is irreversibly reduced. 

A protein according to claim 1 or claim 2, clfaracterized in that It 
inhibits the reactivity of an immune human; antiserum with the 
corresponding p42 produced under the same: conditions, also the 
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p42 itself and in that the p42 can only partially iijihbit the reactivity of 
said human antiserum against the p1 9. 

A recombinant protein according to any on^ of claims 1 to 3, 
characterized In that it is essentially deprived of any polypeptide 
sequence normally upstream of the C-t^rriiinal polypeptide 
sequence of the p33 (33 kDa N-terminal fragn^ertt) nonnady on the 
side associated wrth the p19 in the corresfjondlng p42, before 
natural cleavage of the latter, said last C-temiinal polypeptide 
sequence of the p33 containing less than 60 amino acid residues 
when it is present, 

A recombinant pn^tein according to any one of claims 1 to 3. 
characterized in that It Is essentially deprived; of any polypeptide 
sequence normally upstream of the C-t^rminal polypeptide 



sequence of the p33 (33 kDa N-terminal 
associated with the pi 9 in the correspondins 



fragment) normally 
p42 before natural 



cleavage of the latter, said last C-terminal polyjpdptide sequence of 
the p33 containing less than 10 amino acid i residues when it rs 
present. 

A recombinant protein according to any one 
characterized in that it is essentially deprived df any polypeptide 
sequence normally upstream of the C-t^rminal polypeptide 
sequence of the p33 (33kOa N-terminal 
associated with the pi 9 In the con^spondlng 
cleavage of the latter, said last C-terminal pol^^^eptide sequence of 
the p33 being limited, when it is present, to fb$t which retains a 
substantial degree of conservation in Pla&pipdium which are 
infectious for man, such as P. fafdparurn or P. vty^x. 
A recombinant protein according to any on^ i?f claims 1 to 6, 
characterized in that the portion of p19 fragment contains at least 
one of the two EGF regions normally contained in this pi 9. 



of claims 1 to 3, 



fi^agment) normally 
p42 before natural 
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A recombinant protein accordfng to any onfe of claims 1 to 7, 
characterized in that the molecular weight of said p19 fragment or of 
said portion of pl9 fragment is in the ran^e 10 to 25 kDa, in 
particular in the range 1 0 to 1 6 l<Da. 

A recombinant protein according to any on^ of claims 1 to 8, 
characterized in that it also comprises a glycosylfihosphatidylrnositol 
(GPI) group of the type enabling the p19 fragrhent to anchor to the 
host cell, in particular a eukaryote cell, preferably a cell of an insect 
infectabie by a baculovirus, in which said recombinant protein is 
expressed. 

A recombinant protein according to any one of claims 1 to 8, 
characterised in that it is deprived of the extremely hydrophobic C- 
terminal portion which intervenes in induction ;of anchoring of said 
recombinant protein to the cell membrane of the host in which it is 
expressed, in particular in a eultaryote cell, preferably a cell of an 
insect infectable by a bacuiovirus. 

A recombinant protein according to claim 10, characterized in that It 
is hydrosoluble. 

A recombinant protein according to any one; of claims 1 to 11, 
characterized in that it contains the pi 9 sequence of the MSP-I 
protein of Plasmodium falciparum or said portion of the 
corresponding fragment. 

A recombinant protein according to any one of claims 1 to 12, 
characterized in that it contains the p19 sequence of the MSP-1 
protein of Plasmodium cynomolgl or said portion of the 
corresponding fragment. 

An oligomer of the recombinant protein according to any one of 
claims 1 to 13. 

An oligomer according to claim 14^ characterized in that it contains 2 
to 50 monomer units of said polypeptide sequence of the 
recombinant protein as defined in any one of claims 1 to 13. 
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16. A recombinant protein according to any one; of claims 1 to 14, 
characterized in that it Is conjugated to a carrfaf molecule for use in 
the production of vaccines. 

17. A vaccination composition against a Plasmodium type parasite 
3 which is Infectious for man, containing as ah active principle a 

recombinant protein whose essential conkltuent polypeptide 
sequence is: 

• either that of a 19 kilodafton (p19) C-terminal fragment of the 
suri^acB protein 1 of the merozoite form (fyiSP-1 protein) of a 

0 Plasmodfum type parasite which is infectious for man. said C- 
tennlnal fragment remaining normally anchored to the parasite 
surface at the end of its penetration iphase Into human 
erythrocytes in the event of an infectious cycle; 

• or that of a portion of that fragment which Is also capable of 
5 inducing an immune response which pan inhibit in vivo 

parasitemia due to the corresponding parasitd; 

• or that of a peptide which is capable of indu?;ing a celtuiar and/or 
humoral Immunological response equivalent :to that produced by 
said p19 fragment or said portion of that fragment; and 

) said recombinant protein further comprising conformational epitopes 

which are unstable in a reducing medium and iwhlch constitute the 
majority of the epitopes recognised by human antiserums formed 
against the corresponding Plasmodium. 

18. A vaccinating composition according to claim j17, characterized fn 

1 that Its active principle consists of a recombinant; protein according to 
any one of claims 2 to 13 or 16. or an oligomer according to claim 14 
or claim 16. 

19, A vaccinating composition against a Plasmodium type parasite 
which Is Infectious for man, containing as an active principle an 
oligomer of a recombinant protein according to ciafm 17 or claim 18. 




20. An antibody specificaliy recognising the p19 of a MSP-1 protmn of 
the merozoite form of a Plasmodium type parasite which is infectious 
for man other than Plasmodium vivax and which does not recognise 
Plasmodium vivax. 

21- An antibody according to claim 20, characterized In that it is 
monoclonal. 

22, An antibody according to ciaim 20, characferized in that it is 
monoclonal and in that it specifically recognises the pi 9 of P. 
falciparum. 

25. A monoclonal antibody according to claim 20, characterized In that it 
specifically recognises the p1 9 of P. vIvqx. 

24. A differential diagnostic process to distinguish 'between a parasitic 
infection due to P. v/vax and a parasitic infection due to another 
Plasmodium, characterized by bringing a bioiopi'cal sample infected 
with Plasmodium into contact with an antibody according to claim 23 
and with an antibody according to claim 2il or claim 22, and 
detecting the production or non-production <>f an immunological 
reaction depending on the case, 

25. A recombinant baculovirus type modified vector containing, under 
the control of a promoter contained In the vector and able to be 
recognised by cells transfectable by said vector, a first nucleotide 
sequence coding for a signal peptide which is compatible with 
expression in a baculovirus system, characterized by a second 
sequence downstream of the first, also under the control of said 
promoter and coding for the peptide sequence: 

• either of a 19 kriodalton (p19) C-termina! frergment of the surface 
protein 1 of the merozoite form (MSP-1 protein) of a Plasmodium 
type parasite which is infectious for man, the C-tenrtinaf fragment 
remaining normally anchored to the parasite! surface at the end of 
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Its penetration phase into hunr^an erythrocytes in the event of an 
Infectious cycle; 

♦ or of a portion of that peptide fragment: provided that the 
expression product from the second sequence in a bacuiovirus 
system is also capable of inducing an Immune response which 
can inhibit in vivo parasitemia due to the corr^^sponding parasite; 

♦ or of a peptide which is capable of inducing a cellular and/or 
humoral Immunological response equivalent ;to that produced by 
said peptide fragment p19 or said peptide fragment portion; and 

said nucleotide sequence also having a G and C content in Uie range 
40% to 60%, preferably at least 50%, of the totality of nucleotides from 
which It is constituted. 
36. A modified vector according to claim 25, characterized in that the said 
second polypeptide sequence is In accordance with that defined In 
any one of claims 2 to 1 3. 

27. A modified vector according to claim 25, characterized in that the 
second nucleotide sequence is a synthetic sequence. 

28. A modified vector according to any one o^" claims 25 to 27, 
characterized in that the first nucleotide sequence codes for a signal 
peptide from Plasmodium vivax and nonnally associated with the 
Plasmodium MSP-1 protein. 

29. A modified vector according to any one of claims 25 to 28, 
characterized In that the second nucleotide sequence Is deprived at 
its 3' terminal end of the hydrophobic C-terminal end sequence 
which is Implicated in induction of anchoring said recombinant 
protein to the cell membrane of the host in which it is expressed, in 
particular in a cell of an insect infectable by a baculovirus. 

30. A modified vector according to any one of claims 25 to 29, 
characterized in that it consists of a modified baculovirus. 
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31. An organism, in particular an Sf9 type in&ect c0lf, transfectaWe and 
transfected by the modified vector according to ^ny one of claims 25 
to 29, ! 

32. A synthetic DNA containing a first nucleotide sequence for which at 
least a portion codes for the peptide sequence: \ 

« either of a 19 Kilodalton {p19) C-terminal fragment of the surface 
protein 1 of the merozoite form (MSP-1 protein) of Pfasmodlum 
falciparum, said C-terminai fragment remainlrlg normally anchored 
to the parasite surface at the end of its penetration phase into 
human erythrocytes in the event of an infectlcjus cycle; 

• or of a portion of that peptide fragment provided that the 
expression product of said DNA in a baculQvlms system is also 
capable of inducing an immune response which can inhibit in vivo 
parasitemia due to the corresponding paraslt^: 

• or a peptide capable of inducing a cellular ?and/or humoral type 
immunological response equivalent to that ptoduced by said p19 
peptide fragment or said portion of that fragme'nt; and 

said nucleotide sequence also having a G and Ci nucleotide content in 
the range 40% to 60%, preferably at least 5Q%, of the totality of 
nucleotides from \Nh\c\] said synthetic DNA is cortstituted. 

33. A synthetic DNA sequence according to claim 1 32, characterized in 
that Its first nucleotide sequence is deprived at Its 3' terminal end of 
the sequence coding for the hydrophobic Cjterminal end region 
normally implicated In inducing anchoring of the ^519 protein to the cell 
membrane of the host In which it is expressed, in particular in a cell of 
an insect infectable by a bacuiovirus. 

34. A synthetic DNA sequence according to cla|m 32 or claim 33, 
characterized in that the first nucleotide sequerpce is preceded by a 
signal nucleotide sequence coding for a sighal peptide normally 
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associated with a Plasmodium MSP-1 protein, homologous or 
heterologous relative to the principal sequence. 

35. A synthetic DNA sequence according to claim 34, characterized in 
that the signal sequence originates from P. vivsx. 

36. A synthetic DNA according to any one of claims 32 to 35, 
characterized in that said first nucleotide seqijenoe includes a 3'- 
terminaf sequence coding for a polypeptide eel! jnembrane anchoring 
region, said anchoring region fixing the expressed recombinant 
protein to the surface of the membrane of the host cell transformed 
wlh e vector containing said synthetic DNA, sajd 3' sequence being 
homologous to that of the principal nucldstide sequence, or 
heterologous, in particular that from P. v}vqx. j 

37. A synthetic DNA according to claim 36, characierized in that the 3'- 
termfnal sequence originates from P, vivax. 

3S. A synthetic DNA sequence according to any one of claims 32 to 36, 
characterized In that it Is deprived of said 3'-termfnal sequence. 

39. A baculovlrus type vector according to claim 25. characterized In that 
it Is selected from: 

♦ the viois deposited at the CNCM [Collection Natlonate de 
Cultures de Microorganismes; Natioriaf Collection of 
Microorganism Cultures] with regrstratlion nurnber 1-1659; 

♦ the virus deposited at the CNCM with registration number (-1660; 

♦ the virus deposited at the CNCM with registration number 1-1661 ; 

♦ the virus deposited at the CNCM with registration number 1-1662; 

♦ the virus deposited at the CNCM with reglstrpon number 1-1663, 

40. A hybrfdoma secreting monoclonal antibodies having the 
specifications of the antibodies of any one of cl^lnfis 21 to 23. 

41 . A pn^cess for separating a pi 9 peptide with a gjven specificity from a 
mixture of peptides, characterized by bringing! said peptide mixture 
into contact with a con-esponding antibody, in jaccordance with any 
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one of claim$ 20 to 23, preferably already fixed on an Insoluble 
support, by subsequently dissocfatrng the antrgen-antibody 
cor^ipound formed and by recovering the purified pi 9 peptide. 

42. Use of a protein according to any one of cldirns 1 to 13 or gf the 
5 oligomer according to claim 15 or 16 to prepare an Immunogen 

composition which can induce an immune response against a 
Plasmodium infection, 

43. A vaccine composition comprising, as active principles, a mixture of 
a protein according to any one of claims 1. to 13 and either the 

\o coresponding p42, with }f necessary the least- conserved portions 

deleted, or another recombinant pi 9 or p42 type protein, originating 
from a parasite homologous with that from 'which said protein 
originates. 

44. A vaccine composition according to claim 23, Characterized in that 
15 the mixture of active principles is selected ; from the following 

mixtures; 

• R falcipQrum pi 9 and P. vivax pi 9; 

• R fslcJpGrum p1 9 and P. fQicipantm p42; 

• P. vivax pi 9 and P. vivax p42, if necessary ideprived of its most 
20 hypervariable regions; 

• P. fslciparum pi 9 and P. falciparum p42. If necessary deprived of 
Its most hypervariable regions and P* vivax pi 9 and P, vivax p42, 
If necessary deprived of its most hypervariable regions. 

45. A hybridoma according to claim 40, characterized in that It has been 
'25 deposited at the CNCM, (Paris, France) with registration number I- 

1646, on the U"" February 1997, 
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ABSTRACT 



The invention relates to a recombinant protein fabricated in a baculovirus system, 
of which the essential constitutive polypeptide sequence is that of a C-terminal fragment of 
19 kilodalton (pl9) of the surface protein 1 (protein MSP-1) of the merozoite parasite of the 
Plasmodium type, particularly Plasmodium falciparum, which is infectious for humans, said 
C-terminal fragment remaining normally anchored at the surface of the parasite at the end 
of its penetration phase into human erythrocytes, in the occurrence of an infectious cycle. 
Said recombinant protein is applicable to the production of vaccines against malaria. 
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WE (j) the undersigned jnventor(s), hereby declare{s) that: 

My residence, post office address and citizenship are as stated below new to my name. 

We (1) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

VECamimm! PROTIEIN OOtTEMNING A C-TEKygNRL FRA!C34ENT OF 

PLASMODIUM MSP-1 

the specification of which 

□ is attached hereto. f 
O was filed, on as 



Application Serial No. _ 
and amended on _ 



IS was filed as PCT international applicatio 
Number PCT/FR97/00290 



February 14, 1997 



and was amended under PCT Article 19 



_ (if applicable). 



I We (1) hereby state that we (I) have reviewed and imderstand the contents of the above-identified 
I specification, including the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this 
application as defined in Seaion 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(<^ or § 365(b) of any foreign 
application ($) for patent or inventor's certificate, or § 365(a) of any PCT International application which 
designated at least one country other than the United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority is claimed. Prior Foreign AppIication(s) 

Priority 

Application No. Country Day/Month/Year Claimed 

96/01822 France 14 February 1996 « 
__ 1 a Yes DNo 



□ Yes P No 

□ Yes □ No 



-^^^ 5" ^^ P^T:,- 3^ ^2 6& 08 90 GUTMANN-PLASSERftUD le 10/03/'99 15:50 A4 NORM Pg : 13/'17 



We (I) hereby claim the beaefit under Tide 35, United State* Code, § 119(e) o£ any United States provisional 
appUcation(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. § 120 of any United Slates applicatjon(s), or § 365(c) of any 
PCT International application designating the United States, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of 35 U,S.C. § 112, I acknowledge the duty to disclose 
information which is materbd to patentability as defined in 37 CFR § t.56 which became available between the 
filing date of the prior application and the national or PCT International filing date of this application. 

Status (pending, patented. 
Application Serial No, Filing Date abandoned) 

PCr/FR97/00290 February 14, 1997 ^ 



And we (I) hereby appoint: Norman F. Obion, Registration Number.J£,filfi;-Marvin J. Spivak, Registration 
= ;i Number .21,an^C. Irvin McClelland, Registration Number.21424; Gregory J. Maier, Registration Numbg j L2 fi , 5^ 9; 

Arthur! Ncustadt, Registration Number 24j85iJgjchard D. Kelly, Registration Number IlZSZJiifnes D. Hamilton, 
5=-i Registration Number 2,S321;-Eckhard H. Kuesiers, Registration Number W MQ i Robert T. Pous, Registration 
U Number aSjMSM^lharles L. Gholz, Registration Numbeii26,39^ Vincent J, Sunderdick. Registration Number 2.a,fififla_ 
I=* William E. Beaumont, Registration Number JQ^aa^^Steven B.Kelber, Registration Number 30,2Z2;.RobmF. Gnusc, 

Registration Number -22,29^ Jean-Paul Lavalleye, Registration Number 31,451j Stephen G. Baxter, Registration 
f 3 Number 32,8Sfc-Martin M. ZoUick, Registration Number.35j71£t Robert W. Hahl, Registration Number SU21i 
S'l Richard L. Treanor. Registration Number 36,|Z2t. Steven P. Weibrouch, Registration Number J2.a22i John T. 
f: Gooikasian, Registration Number 2&M2i Marc R. Labgold, Registration Number 3 4.651; William J. Healey, 

Registration Number 3A16Cif-Richard L, Chinn, Registration Number 34j305^ceven E. Liproan, Registration 
J=3 Number 3O,044t Carl E. Schlier, Registration Number 34.426; J ames J. KulbaskiTK^stration Number 34,64%<:atherine 
)i3 B. Richardson, Registration Number 39^502}- Richard A. Neifeid, Registration Nilfflber 35,299;. J. Derek M.a.«on, 
=13 Registration Number J5.2ZD{ and Surinder Sachar 34.423; our (my) attorneys, with full powers of substitution and 

revocation, to prosecute this application and to transact ail business in the Patent Office connected therewith; and we 

(I) hereby request that all correspondence regarding this application be sent to the firm of OBLON. SPIVAK. 

YrrT PT T AJij n, XTAtnt ft - l « jrTTr . r . AJ>T , P r. , y^ r>c^ Pr.«r nffiga-A.Upes#4«^■^'eagLh ri oo f. 175S-^^e£(esB&a-Dasis^ 

tjjehggyv-Arliagtonjtyir gini 22202. 

We declare that all statements made herein of our (my) own knowledge are true and that all statements made on 

information and belief are believed to be true; and further that these statements were made with the knowledge that 

willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 

Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the application 

or any patent issuing thereon. 

Shlcley XiONGACRE-ANDR E Residence- ^ ^'^^^^ 

NAMH OF FmSTiOl* INVENTOR "L., ^.n^ 




^^-r-^>Y^ -- ^X^fdy^ Citizen of: 

Date ^ 



Post office Address: . 



1/98 



-Faji ewls pa_rl_^^^^^^ &6 08 90 GUTHflNN-PLflSS ERflUD 
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Signature of Inventor 

23^4 199. 

'ace ^ 



Dace 



NAME OF THIRD JOINT INVENTOR 



Signature of Inventor 



1^ 



Dace 



NAME OF FOUKTH JOINT INVENTOR 

X 



Signature of Inventor 



Kamiu. MENDIS 



NAME d>F FIFTH JOINT INVENTOR 




CLS) 



Signature of Inventor* 
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NAME OF SECOND JOINT INVENTOR 



Residence: c/o Agiies Riitpnd 



13, rue Gengvieve-Couturier 
92500 BuailaMahaaaiS^, France 



Citizen of: France 



Post Office Address: . 



same as above 



Residence: 65, rue Mirabeau 
92160 .Aatepny^ E^anoe "^QaJ 



Citizen of: ^^^"^ „ 

Post Office Address: same as above 



Residence: Apartmeniz lOD. 
3 Washington Square ViXlacie 



T^ewJXazXi New York 10012 f^Q 



United States 



Post Office Address: same as above 



Residence; Kvnsev Road 



P.O. Box ?.71 



Cslimtop 8 Sri Lan3<a 



Citizen of: Sri Lanka 



Post Office Addre... san>easabove 
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DecUntion 



Residence: c/o Aetnes Rimond 



ignature of Inventor 

Zi^4 I9?3 

►ate ^ 



Date 



NAME OF THIRD J OINT INVENTOR 



Signature of Inventor 



NAME OF FOURTH JOINT INVENTOR 




ture of Inventor 



3 /^l^ci^y 1^77 



NAME OF FIFTH JOINT INVENTOR 



Signature of Inventor 



18, rue Genevieve-Qsuturier 



92500 Rueil-MaJinaiagg^, Fr&nce 
Citizen of: Fcanoe 



Post OfBcc Aiddress: _ 



65 f rue Miraboau 



923.60 _^aSx!aiH-^ France 



4^ 



Post Office Address: same aa above 



Residence: ''^W^»ent-3:^)7— 
^^^^^^^ 

Ci««n of: united States 

Post Office Address: 'game as ^bove 



Residence; Kvnsev Road 

P.n. BnK 271 : 

03l«nbo 8 Sri lianto 

Citizen of j Sri Lanka 

Post Office Address: same as above 



